Abstract: Generalized convulsive status epilepticus (GCSE) is a neurological emergency with high mortality which needs immediate recognition and treatment. There is a variety of different categories of status epilepticus (SE) and the form and aetiology of status are important predictors for prognosis. As early treatment is beneficial out-of-hospital treatment can be advised. The first-line treatment of GCSE is lorazepam which can be followed by phenytoin and induction of coma by anaesthetics. Because of receptor changes short-term prognosis to stop seizures becomes worse with time and the longterm prognosis is worst in case of refractory SE. Non convulsive forms of SE can only be diagnosed with an EEG and should be treated more cautiously to prevent potentially harmful adverse events of therapy. Some of the modern anticonvulsants which are available for intravenous use may have good efficacy and tolerability but are not licensed for use in SE, yet. Therefore, they should only be used with neurology specialist advise. For all institutions it is advisable to consent on an in-house protocol which all physicians are familiar with. This review gives a pragmatic overview of diagnosis, classification, and treatment of SE.
INTRODUCTION
Status epilepticus (SE) is a probably underdiagnosed condition, which may be life-threatening. The generalized convulsive status epilepticus (GCSE) is characterized by high mortality and morbidity, with an incidence estimated at about 10-20 per 100,000 in Central Europe per year [1, 2] . While single seizures are usually self limiting, in SE there is either long lasting continuous EEG or clinical seizure activity or repeated seizures within a 30 minutes time period without regaining consciousness [3, 4] . Recently, this definition has been modified for practical reasons and now seizure activity, particularly in generalized tonic-clonic SE, persisting for more than 5 minutes is addressed as SE. This takes into account the necessity to start treatment early as this improves the chance to stop the status as well as to minimize long-term sequelae [5, 6] . While the recognition of the typical convulsive status epilepticus is straightforward there are a variety of subgroups which have to be considered when dealing with either confused, somnolent, or comatose patients [7, 8] . This has also to be considered when dealing with patients with an alteration of consciousness in the hospital especially on the ICU (intensive care unit). The aim of this review is to overview the current knowledge of SE with special emphasis on diagnosis and treatment options.
EPIDEMIOLOGY AND CLASSIFICATION
The annual incidence rate of SE varies and was estimated to be around 20 per 100 000 with the highest incidences in children and the elderly [2, 6, 9, 10] . Variations in figures can partly be explained by status-type specific incidencerates and furthermore, by difficulties in classification per se ( Table 1) . Although the generalized convulsive status is by far the most critical form of SE there are in fact as many forms of SE as there are seizure types. Generalized convulsive SE in adults has an incidence of 3,6 to 6,6 per 100 000 and a short-term mortality rate around 20 per cent which may even be higher in resource poor countries. Naturally the prognosis is vastly influenced by seizure type, aetiology and duration of SE and age of the patient [11, 12] . One difficulty in classification is the lack of clear definitions and the use of different classification schemes at a time. It has been proposed to use different axes of classification, e.g. in a first step determine clinically whether the SE is convulsive or non-convulsive and in a second step to decide on additional electrophysiological basis or medical history whether the SE is focal or generalized ( Table 2 ) [10] . For further subclassification according to the International League Against Epilepsy additional information is needed [13] . • Generalized tonic-clonic seizure longer than 5 min 
Refractory status epilepticus (RSE):
• a status that does not respond to initial anticonvulsant treatment with first line drugs ** * There is uncertainty about the duration. ** There is uncertainty as to consider the duration of the status.
Table 2. Classification Scheme of Status Epilepticus
Step one:
• Step two:
• Generalized status epilepticus
From a pragmatic point of view it might be sufficient to concentrate on categories which make a difference with respect to either treatment options or prognoses. The most important and easy to diagnose category is a generalized tonic clonic status. This is an absolute emergency situation and needs instantaneous treatment. In all other situations less aggressive treatment can be initiated after careful consideration and with some delay. The diagnosis of simple partial SE is likewise straightforward in case of motor symptoms but can be difficult if only subjective e.g. sensory symptoms predominate. Non convulsive status epilepticus (NCSE) is a subtype of SE without any overt motor signs. There is no universal definition to date and NCSE comprises a variety of temporary changes in behaviour or mental status usually associated with continuous epileptiform discharges in the electroencephalogram [8] . It can occur in formerly healthy subjects, in patients with known epilepsy, and in patients hospitalized because of other reasons without a former history of epilepsy (Fig. 1) . The latter group may be the most difficult to diagnose especially in ICU patients [14] [15] [16] .
The term refractory status epilepticus (RSE) is used for persistent SE despite adequate initial treatment with a firstline anticonvulsant drug [12, 17] . There is uncertainty whether the duration of the status has to be considered ( Table 1) . Refractory SE (RSE) has the worst prognosis with longer seizure duration, longer stay in hospital and the ICU, higher probability to develop epilepsy later on, lower probability to return to baseline clinical level, and mortality rates 2 to 5 fold higher than in non-RSE [12, [17] [18] [19] .
Having the possibility to use continuous EEG on the ICU in some patients epileptiform electrographic activity persists after therapy of either SE or refractory SE. The significance of a variety of different EEG pattern which can evolve, called ictal to interictal continuum, is not yet clear [20] but usually is accompanied by a poor prognosis. In this category belong periodic lateralized epileptiform discharges (PLEDS), which, despite the name do not point towards clinical seizures or epilepsy and are highly refractory to anticonvulsant medication (Fig. 2) . Sometimes the term "subtle status" is used in the situation when ictal EEG activity persists despite therapy. This term likewise, is not well defined and disputable [10, [21] [22] [23] .
Absence status epilepticus may present either as "typical" or "atypical" status, both demonstrating regular spike-wave discharges with variable morphology and frequency. Lateonset de novo absence status epilepticus is an important differential diagnosis in patients with alteration in consciousness or behavioural changes [10, 24] . It can occur in known but remitted idiopathic generalized epilepsy or as a true de novo manifestation of epilepsy and therefore can be difficult to diagnose (Fig. 3) .
DIAGNOSTIC WORK-UP
While in children the most common cause for SE is febrile seizures or infections with fever, in adults ischemic cerebrovascular disease and hemorrhages predominate [6, 25, 26] . In both age groups a significant proportion of SE are caused by drug withdrawal, compliance problems, or inadequate drug levels. Therefore it is important to differentiate between SE in patients with known epilepsy and in patients with de novo epilepsy or SE. While in epilepsy patients control of AED blood levels and prompt re-initiation of the formerly used anticonvulsive therapy might be sufficient, de novo SE need a more thorough evaluation of causative factors. In fact, there are a variety of differential diagnoses which have to be considered early and before potentially harmful, aggressive treatment is initiated. In any case glucose level, serum electrolytes, blood count, liver and kidney function tests, and a drug screen for therapeutic and toxic substances should be taken. In parallel a focussed neurological examination must be performed and special care must be taken to avoid misdiagnosing a psychiatric disease, particularly non-epileptic SE. In adults and in children early imaging can be recommended to evaluate the aetiology of SE and to direct therapy [26, 27] . While in NCSE the electroencephalogram is of utmost importance, it may be difficult to record a readable EEG in GCSE [23] . The main goal, once a GCSE is suspected, is to exclude a nonepileptic event, especially in a setting when no experienced clinician or epileptologist is available to make this decision on clinical ground.
GENERAL AND PHARMACOLOGICAL TREAT-MENT OPTIONS
The first goal of treatment is the stabilisation of cardio respiratory function in terms of airway control, breathing, and circulation and to prevent injuries by removing potentially harmful surroundings. In case of uncertainty about the reasons SE it might be wise to administer glucose and, especially in suspected ethanol associated seizures, thiamine (e.g. 100 mg) intravenously. Although several guidelines for the management of SE have been published by neurological associations there is no general consensus which treatment should be initiated [25, 28, 29] . For practical reasons it can be recommended to stick to routine procedures and implement own guidelines for the . (2) . EEG of a 79 year old female with a severe, temporary right hemispheric deficit after an epileptic seizure interpreted as a postictal (Todd) dysfunction. A single seizure and mental disturbance was caused by hypocalcaemia. Upper row: slow background activity with right sided PLEDS as periodic rhythmic sharp waves in frontocentrotemporal regions at approximately 1 Hz. Note single independent sharp waves in left posterior regions (middle and end of EEG segment) Lower row: hardly any change in EEG activity after intravenous infusion of 2mg clonazepam, prompting the diagnosis of PLEDS rather than NCSE. She gradually recovered independent of resolution of PLEDS which persisted for more than two weeks. Note: clonazepam was given because of timelier availability. department or hospital. While a GCSE has to be treated as an emergency and with potentially aggressive medication there is uncertainty how to proceed in case of NCSE or focal SE. Experimental and clinical data suggest that there is tissue damage in GCSE but not in NCSE and therefore aggressive treatment of NCSE may not be justified [10, 30, 31] .
OUT-OF-HOSPITAL TREATMENT
As overall treatment efficacy critically depends on early treatment [32] it might be wise to start treatment of GCSE out of hospital. This subject has been addressed in several studies which clearly could demonstrate that out of hospital treatment of generalized convulsive SE with benzodiazepines is efficient and save [33, 34] . In the largest study the use of intravenous diazepam (DZP), lorazepam (LZP), and placebo was compared in a double-blind prospective study design on more than 200 patients [34, 35] . SE was terminated on admission to the hospital in 59.9% of those treated with LZP, 42.6% of those treated with DZP, and 21.1% of those treated with placebo. Surprisingly complications in terms of cardiac arrhythmia, need for respiratory support and hypotension, which are often attributed to the medication were less frequent after benzodiazepine (10.6% and 10.3%, respectively) as compared with placebo (22.5%) It has to be stressed that in this study only one benzodiazepine was used for a single patient and the rate of complications may rise considerably after several different benzodiazepines were applied in an unsystematic manner. Naturally intravenous medication usually can only be given by professionals but there are also promising results possible with easy to handle benzodiazepine formulations. Most of this data up to now, has been evaluated for the out-of hospital treatment of acute seizures in children. Easiest to use and best results are achievable with nasal midazolam (MDZ) or lorazepam (LZP) while rectal administration of diazepam is efficient but often more difficult to handle [36] . Buccal MDZ is slower than nasal application and in an experimental setting needs higher doses to be effective [37] . Intranasal lorazepam exhibits approximately 4-fold duration of action when compared to that of intranasal midazolam and is therefore considered better for preventing seizure recurrence. While these alternative routes have not been clinically investigated in detail for SE in adults there are several studies in children and its use is generally recommended in this age group [36] .
In case of professional out-of-hospital treatment usually intravenous DZP or MDZ is given as LZP needs to be stored refrigerated.
IN-HOSPITAL TREATMENT
First line therapy for GCSE are benzodiazepines like DZP, LZP, and MDZ [38, 39] . Recommendation of LZP as first choice treatment is firmly established: LZP as first choice as it has the smallest volume of distribution, the longest intracerebral half-life, is the least lipophilic and all in all has the best anticonvulsant effect [34] . Clinical studies demonstrated non significant but nevertheless relevant effects in favour of LZP with a probability for seizure termination of up to 64% [22, 25, 40] . Usually separate boli of 2 or initially 4 mg each are recommended, up to total dose of 0.1 mg/kg. It is important to start treatment early and with adequate doses as there is convincing evidence that otherwise receptor changes worsen treatment responses and finally prohibit any significant benefit of gabaergic drugs [22, 32, 41, 42] . Benzodiazepines are approved in most countries for SE.
Alternative treatment can be initiated with either phenytoin (PHT), or its prodrug fosphenytoin which is not widely available but easier to use [43] . PHT is less potent than BZD but has the advantage not be sedating. It must be applied via a dedicated intravenous line as it interacts with other drugs and has a high risk of phlebitis and tissue damage, especially once injected extravasally. The latter is more likely to occur during SE due to the ongoing convulsions. Another disadvantage is the long infusion time compared to the use of BZD. In up to 1,5% of patients treated with intravenous PTH a purple glove syndrome can evolve [44] . Cardiac side effects in terms of arrhythmias have been reported and care must be taken in patients with known heart-disease. Most often PHT is recommended after treatment was initiated with BZD and SE persists for longer than 20 minutes [25] . This can be considered a refractory SE and its treatment is challenging and has not been properly evaluated in controlled and prospective studies [12, 16, 45, 46] .
The proposed dose of PHT in treatment of SE is 15 -20 mg/kg body weight given intravenously with a maximum infusion speed of 50mg/min thus for a total time period of approximately 30 minutes in a 75 kg adult.
A further early alternative is the use of i.v. valproic acid (VPA) which is not licenced as first line therapy but can be used in the course of an SE [47, 48] . The initial dose of VPA should be about 20 -30 mg/ kg bodyweight given as intravenous bolus, optionally followed by continuous infusion of 5 -10 mg/kg body weight. There is insufficient data as to generally recommend VPA but all studies demonstrate little side effects even after high initial doses. Comparisons of VPA with either DZP or PHT could not show significant differences for seizure control [49, 50] . A risk of VPA is the development of liver failure, pancreatitis and encephalopathy. The latter can be difficult to distinguish from ongoing SE and needs early diagnosis including EEG to prevent further, harmful infusion of VPA [51] .
All further treatment should be performed by experienced staff and ideally on an ICU. At this stage anaesthetics are used. With the risk of intubation the risk of short-term mortality increases. A variety of anaesthetics (usually barbiturates, midazolam or propofol) have been used but because of a lack of prospective trials no general recommendation can be given [52] . In one metaanalysis non significant superiority of pentobarbital over propofol or MDZ could be demonstrated [46] . At this stage the EEG is usually used to adjust dosing and it is accepted to induce a "burst-suppression" pattern in the EEG (Fig. 4) . The idea is to stop epileptic activity and to slow down brain metabolism to reduce neuronal damage [46] . There is, however, no consensus of how long the suppression period must be to have beneficial effects. It can be proposed to induce coma for at least 24 hours and try to reduce the dose under clinical and EEG monitoring [25, 52] . All anaesthetics can induce severe hypotension and propofol can cause the potentially fatal "propofol infusion syndrome", especially when used longer than a few days and in conjunction with catecholamines or steroids [53, 54] .
FUTURE TREATMENT PERSPECTIVES
On the basis that treatment of SE and refractory SE is difficult and can have deleterious side effects or even by itself worsen long-term prognosis after SE it is desirable to have potentially less harmful alternatives at hand. During the last years several modern anticonvulsants have been introduced which are highly potent, have little side effects, and partly are available as intravenous formulations. Especially levetiracetam, and lacosamide, which are available for intravenous administration, have been suggested for the treatment of SE, although none of them is licensed yet for this purpose [6, 55] . Levetiracetam is well tolerated even with high dosing and infusion rates and several case reports and small series suggest promising results in the treatment of SE [56] [57] [58] [59] [60] . Infusion rates of up to 4000 mg in15 minutes or 2000 mg in 5 minutes have been used without relevant side effects. Even less is known about the efficacy of lacosamide (LCM) as a treatment option in SE. Up to now there is only one report published with beneficial use of orally administered LCM in a patient with a refractory SE [61] . The efficacy in epilepsy, the pharmacological profile, and the tolerability, however, make it another promising treatment option in the future. Although both substances have the advantage of being available for consecutive oral use after status therapy, up to now they are not licensed and its use cannot be generally recommended. Probably, it can be advantageous to use these substances as an adjunctive therapy in refractory SE while sticking to established guidelines.
SPECIAL CONSIDERATIONS IN NCSE
The treatment of NCSE can be equally challenging as in GCSE but in general can be less aggressive [10, 31] . Keeping in mind that a treatment regime designed for convulsive SE can induce coma and be followed by sequelae which may be worse than ongoing ictal neuronal activity, a prolonged and stepwise treatment protocol can be rectified. First line treatment, nevertheless, are benzodiazepines, which can also be of diagnostic value with a short diagnostic window during which the patient becomes neuropsychologically more adequate before sedation. Naturally, this treatment should be monitored with an EEG to allow the diagnosis. Higher doses of benzodiazepines and the use of anaesthetics should be avoided. In NCSE there are even more promising reports about the use of modern, potentially less harmful alternatives like valproic acid, levetiracetam, or lacosamide [30, 62] .
PROGNOSIS
Besides short term mortality rates there is increasing evidence for long term complications which hamper prognoses after treatment of GCSE [5, 15, 17] . Several studies have aimed to identify risk factors in order to tailor therapeutic measures early and recently a risk score was suggested [63] . Possible morbidity to follow can be neurological deficits, cognitive impairment and development of consecutive epilepsy in patients with de novo SE [17, 64] . Factors influencing prognosis are age, refractory SE, and Fig. (3) . EEG of a 46 year old female with late-onset absence status. She had a history of idiopathic generalized epilepsy with earlier history of absences some years ago, when tapering medication. The EEG depicts runs of generalized paroxysmal fast activity and irregular spike and wave and polyspike wave complexes with a frequency of 3 Hz.
aetiology of SE [65, 66] . As has been mentioned earlier the worst prognosis follows refractory SE with the highest mortality, longer stays on the ICU and in hospital and a lower chance to regain cognitive baseline levels [17] [18] [19] .
CONCLUSION
GCSE is an emergency which needs immediate treatment and has a high mortality. As early treatment is beneficial outof-hospital treatment can be advised. NCSE can only be diagnosed with an EEG and can be treated more carefully to prevent potentially harmful sequelae of therapy. The firstline treatment of GCSE is LZP which can be followed by PTH and induction of coma by anaesthetics. Some of the modern anticonvulsants may have good efficacy and tolerability but cannot be recommended yet. It is advisable to use an in-house protocol which all physicians are familiar with. Short-term prognosis to stop seizures become worse with time and the long-term prognosis is worst in case of refractory SE. Even after successful cessation of SE there is a high risk to develop epilepsy later on and not to recover to baseline level. 
